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STATEMENT OF PROBLEM STUDIED

This is the final technical report on Contract DAAG-29-85-K-

0064. The research performed under this contract was primarily

designed to produce basic structural information about

hydroxylammonium nitrate (HAN), an important ingredient in liquid

propellant mixtures under development by the U. S. Army Ballistic

Research Laboratory (BRL).

SUMMARY OF MOST IMPORTANT RESULTS

The present contract is an outgrowth of a summer faculty

research appointment at BRL in 1983 to one of the principal

investigators (Murphy) and a short-term technical assistance (STAS)

contract with the other (Ross) in 1984. At the time the proposal

(21767-CH) was submitted to ARO, virtually nothing was known of the

fundamental properties of HAN and indeed it had not even been

crystallized. Due to a large amount of work, much more is now

known about HAN. The most important results which we have achieved

are as follows:

i) Single pure crystals of HAN were first produced by Ross and

subsequently by others at BRL.

2) Both X-ray and neutron diffraction measurements have been

made of HAN and/or deuterated HAN. The crystalline structure has

been unequivocally determined for a wide range of temperatures# and

it has been shown that there is only one crystalline phase between

4K and melting (48 °C).



3) The X-ray and neutron diffraction data have been jointly

analyzed to display the details of the valence electron

distribution in HAN. Electron density maps and form-factor

refinement procedures suggest a considerable negative charge on the

NH3OH+ and less density than expected in the N-O bond. In addition,

several NH3 hydrogen atoms form strong hydrogen bonds to the

nitrate group. This suggests a concerted mechanism for

decomposition in which N03' is oxidized by transfer of H4 and the N-

o bond is cleaved. Such a mechanism is necessary to explain the

intrinsic instability of HAN in the solid state, the liquid and in

concentrated solutions.

4) X-ray and neutron liquid scattering experiments have

yielded the total structure factor of molten HAN.

5) Theoretical models of the partial structure factors (and

from them the total structure) of molten HAN have been made using

the Percus-Yevick hard-sphere model. Monte Carlo studies of a

number of more complicated models using semi-empirical potentials

which are derived from crystalline calculations and which

incorporate both the Coulomb interaction and angle-dependent

shorter-range potentials have also been done. Agreement is good.

6) As a beginning approach to a perturbation theory of the

system, a system of rigid ellipses was studied A computationally

efficient Monte Carlo method was devised to calculate the structure

and in principle other properties of this system.

--7) Collaborative effort with Dr. Eli Freedman of BRL on

intermolecular interactions of nitrogen have continued. This work

was begun when Dr. Freedman was Visiting Professor at UMKC and has



led to a substantially better description of the high-temperature

virial coefficients of nitrogen. These calculations, which are

expected to continue though Dr. Freedman is on emeritus status at

BRL, are of importance to BRL's interior ballistics computer codes.
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